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FUEL CONTROL SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of U.S. Patent Application 
Serial No. 10/094,188 filed March 8, 2002 which is hereby incorporated herein 
5 by reference. 

BACKGROUND OF THE INVENTION 
I. FIELD OF THE INVENTION 

The present invention relates to a cold start fiiel control system for an 
internal combustion engine. 
10 II. DESCRIPTION OF RELATED ART 

Most modem day intemal combustion engines of the type used in 
automotive vehicles include a plurality of intemal combustion chambers. A 
primary intake manifold has one end open to ambient air and its other end open 
to the combustion chambers through intake ports formed in the engine housing 
15 as well as through one or more engine intake valves associated with each 
combustion chamber. 

In order to provide fuel to the engine, a multi-point fuel injector is 
associated with each of the intemal combustion engine chambers. During a 
warm engine operating condition, the multi-point fiiel injectors, under control 
20 from the electronic control unit for the engine, provide fuel to the engine. The 
electronic control unit ideally controls the amount of fuel provided to the 
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engine to achieve the desired engine performance while minimizing noxious 
emissions. 

During a cold start engine condition, however, insufficient fuel 
vaporization, at least where a liquid fuel such as gasoline or diesel fuel is used, 
5 occurs if the multi-point injectors are used to provide fuel to the engine. The 
introduction of unvaporized or only partially vaporized fuel results in high fuel 
consumption, increased noxious emissions from the engine, as well as poor 
engine performance and slow starting. For that reason, many previously 
known internal combustion engines utilize a cold start fuel injector to provide 
10 vaporized fuel to the engine during a cold engine condition. 

These previously known cold start fuel injectors introduce a sufficient 
vaporized fuel/air mixture into the intake of the primary intake manifold to 
provide the fuel charge for the combustion chambers of the engine during the 
engine warm up period. Where the internal combustion engine utilizes liquid 
1 5 fuel, many of these previously known cold start fuel injectors include heaters to 
enhance the vaporization of the fuel prior to its introduction to the engine 
combustion chambers. Such vaporized fuel minimizes noxious emissions and 
fuel consumption while not adversely affecting engine operation. 

As the engine warms up, the cold start fuel injector is gradually 
20 deactivated while, simultaneously, the multi-point fuel injectors are gradually 
activated in order to provide a smooth transition between a cold engine 
condition and a warm engine condition. 

Even though the heaters used by these previously known cold start fuel 
injectors have proven adequate for vaporizing liquid fuel, it is been the prior 
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practice to introduce the vaporized fuel into the inlet end of the primary intake 
manifold. However, since the air/fuel mixture from the cold start fuel injector 
must pass through the still cold primary intake manifold of the engine, fuel 
condensation can occur within the intake manifold during a cold engine 
5 condition. Such fiiel condensation adversely affects the efficiency of the 
engine and increases noxious emissions from the engine. 

Furthermore, since the air/fuel mixture from the cold start fuel injector 
must travel entirely through the relatively large volume primary intake 
manifold before the air/fuel mixture reaches the internal combustion chambers, 
10 an appreciable time delay occurs between the activation of the cold start fuel 
injector and the time that the air/fiiel mixture actually reaches the engine 
combustion chambers. This time delay may extend for several revolutions of 
the engine main shaft thus resulting in excessive engine cranking as well as 
slow engine starting. 

1 5 SUMMARY OF THE PRESENT INVENTION 

The present invention provides a cold start fuel control system which 
overcomes all of the above-mentioned disadvantages of the previously known 
systems. 

In brief, the cold start fuel control system of the present invention is 
20 used in conjunction with an internal combustion engine having a plurality of 
internal combustion chambers. A primary intake manifold has an inlet and an 
outlet end wherein the outlet end of the intake manifold is connected to the 
engine combustion chambers through individual intake passageways formed in 
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the engine housing for each combustion chamber. The engine also includes a 
source of fuel which provides fuel to the engine combustion chambers during a 
warm engine condition through a multi-point fuel injector system. 

The cold start fuel control system of the present invention includes at 

S least one cold start fuel injector having an inlet and an outlet. Upon activation, 
the cold start fuel injector injects fuel towards its outlet. The fuel injector 
outlet is then fluidly connected through an auxiliary intake manifold and 
control orifice to the engine combustion chambers wherein at least one control 
orifice is associated with each engine combustion chamber. The control orifice 

10 may be either of a preset size or, optionally, may be varied in cross-sectional 
area either by electrical, electromechanical or other means. Furthermore, the 
fluid volume of the auxiliary manifold is much smaller than the fluid volume of 
the primary intake manifold. 

An engine control unit (ECU) controls the fiiel management for the 

15 internal combustion engine. In response to one or more input signals, such as 
the mass airflow rate, temperature, throttle position, mass airflow sensor, 
engine RPM and/or fuel charge lambda sensor, the ECU controls the variable 
control orifice to vary the flow rate through the orifice in order to achieve the 
desired engine performance and emission requirements. The ECU also 

20 controls activation of the cold start fuel injector as well as the multi-point 
injectors. 

The outlet of the cold start fuel injector is fluidly cormected to the 
interior chamber of the auxiliary intake manifold so that fuel from the cold start 
fuel injector, after vaporization by conventional heaters, passes through the 
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control orifices to the combustion chambers for the engine. Furthermore, 
preferably the control orifice is positioned closely adjacent the intake valve for 
its associated combustion chamber so that, after the fuel vapor charge passes 
through the control orifice, the charge must pass through only a short length of 
5 the intake manifold. Consequently, the possibility of fiiel condensation in the 
intake manifold is minimized. Additionally, the fuel charge from the auxiliary 
intake manifold reaches the internal combustion chambers during the initial 
cranking of the engine thus achieving quicker engine starting than previously 
known. 

10 A shroud, which may be either at a fixed position or having a variable 

position under control of the ECU, is optionally associated with each control 
orifice. The shroud thus controls the introduction of the fuel charge from the 
auxiliary intake manifold into the airflow stream through the primary intake 
manifold to achieve better fuel vaporization, lower emissions and better engine 

1 5 starting. 

Similarly, two or more control orifices may be associated with each 
combustion chamber. The use of two or more control orifices between the 
auxiliary manifold and the engine combustion chamber achieves additional 
swirling of the fixel charge from the auxiliary intake manifold. Such additional 
20 swirling enhances vaporization of any unvaporized fuel in the fuel stream. The 
control orifices may also be opened to achieve better fuel vaporization. 
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BRIEF DESCRIPTION OF THE DRAWING 

A better understanding of the present invention will be had upon 
reference to the following detailed description, when read in conjunction with 
the accompanying drawing, wherein like reference characters refer to like parts 
throughout the several views, and in which: 

FIG. 1 is a side diagrammatic view illustrating a preferred embodiment 
of the present invention; 

FIG. 2 is an elevational view illustrating a preferred embodiment of the 
present invention; 

FIG. 3 is a side view illustrating a first preferred embodiment of a 
control orifice; 

FIG. 4 is a view similar to FIG. 3 but illustrating a modification thereof; 

FIGS. 5 A and 5B are plan views illustrating still a further embodiment 
of the control orifice; 

FIG. 6 is a side view illustrating still a fiirther preferred embodiment of 
the present invention; 

FIG. 7 is a view similar to FIG. 6 but illustrating a modification thereof; 

FIG. 8 is a side sectional view illustrating still a fiirther modification of 
the present invention; 
and 

FIG 9 is a view of the modification of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE PRESENT INVENTION 

With reference first to FIGS. 1 and 2, an internal combustion engine 30 
having a housing 31 is shown having several internal combustion chambers 32. 
These internal combustion chambers 32 are typically arranged in one or two 
banks of three or four internal combustion chambers 32 per bank. 

A primary intake manifold 34 (illustrated only partially) has an interior 
chamber 36, an inlet end 38 and a plurality of outlet ports 40. The outlet ports 
40 are fluidly connected to the engine combustion chamber 32 through intake 
passageways 41 formed in the engine housing 3 1 so that each port 40 and each 
passageway 41 is associated with one or more combustion chambers 32. Thus, 
during engine cranking, the engine pistons induct air from the inlet 38 of the 
primary intake manifold 34, through the primary intake manifold interior 
chamber 36 and the outlet ports 40 and passageways 33 to the combustion 
chambers 32. A throttle 42 (FIG. 1), illustrated only diagrammatically, is 
fluidly connected in series between the inlet end 38 of the primary intake 
manifold 34 and the engine combustion chambers 32 so that the throttle 42 
controls the airflow volume through the primary intake manifold 34. 

Still referring to FIGS. 1 and 2, a source of fuel 44 (FIG. 1) provides 
fuel to the internal combustion chambers 32 during a warm engine condition 
through multi-point fuel injectors 46. One fuel injector 46 is associated with 
each engine combustion chamber 32 and is typically positioned immediately 
upstream of an intake valve 48 associated with each combustion chamber 32. 
An engine control unit (ECU) 50, illustrated only diagrammatically, manages 
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the fuel delivery to the engine in response to inputs from various sensors 5 1 
(only one illustrated). The sensors 51 can, for example, comprise mass airflow 
sensors, oxygen sensors, temperature sensors, lambda sensors, throttle position 
sensors and/or the like. The ECU 50 controls the activation of the multi-point 
injectors 46 as well as other engine components. 

With reference now particularly to FIG, 1, the cold start fuel control 
system of the present invention comprises a cold start fuel injector assembly 52 
as well as an auxiliary intake manifold 54. In a fashion which will be 
subsequently described in greater detail, the cold start fuel injector assembly 
provides vaporized fuel/air mixture to the engine combustion chambers 32 
through the auxiliary intake manifold 34 during a cold start engine condition. 

The auxiliary intake manifold 54 preferably comprises an elongated 
tube 56 having an inlet end 58 fluidly connected to the outlet 60 of the cold 
start fuel injector assembly 52. The auxiliary intake manifold includes an 
interior chamber 62 which is smaller in volume than the volume of the interior 
chamber 36 of the primary intake manifold 34. Preferably, the ratio of the 
volume of the primary intake manifold 34 to the volume of the auxiliary intake 
manifold is 5:1 or greater. Additionally, the interior chamber 62 of the 
auxiliary intake manifold 34 is fluidly connected by one or more control 
orifices 64 to the interior chamber 36 of the primary intake manifold 34 
inmiediately upstream from each of the combustion chambers 32. 
Consequently, for the four engine combustion chambers 32 illustrated in FIG. 
1 , one or more control orifices 64 fluidly connect the interior chamber 62 of the 
auxiliary intake manifold 54 to each engine combustion chamber 32. 

8 
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With reference now particularly to FIG. 2, each control orifice 64 is 
preferably contained within a manifold housing portion 66 so that each control 
orifice 64 is open to a throughbore 67 in the manifold housing portion 66. The 
auxiliary intake manifold 54 is then fluidly connected to the manifold housing 
portion 66 so that the fiiel/air vapor charge from the cold start fuel injector 52 
passes through the control orifices 64 and into the throughbores 67 of the 
manifold housing portion 66. This manifold housing portion 66 is then 
sandwiched in between the intake manifold outlet ports 40 and the intake 
passageways 41 in the engine housing 31 so that the throughbores 67 are 
fluidly connected in series between the intake manifold 34 and the engine 
intake passageways 41. The utilization of the manifold housing portion 66 
with the control orifices 64 thus facilitates assembly of the cold start fuel 
control system to the engine. 

With reference to FIG. 9 a modified manifold housing portion 66 is 
shown in which auxiliary intake manifold 54 is intemally formed with the 
manifold housing portion 66. 

With reference now to FIG. 3, a cross section of an exemplary control 
orifice 64 with a throughbore 65 is shown in which the throughbore 65 has an 
outwardly flared surface 68 facing upstream, i.e. towards the interior of the 
auxiliary intake manifold 54. The flared surface 68 facilitates a smooth fluid 
flow of the fuel vapor from the auxiliary intake manifold 54 through the control 
orifice 64 and to the engine combustion chambers 32. 

With reference now to FIG. 4, a cross section of a modified control 
orifice 70 with a throughbore 72 is shown. One or more vanes 74 are provided 

9 



HAM- 10 103/04 
30707gs/gv 

around the interior of the throughbore 72 impart a swirl to the fuel vapor 
flowing from the auxiliary intake manifold 54 and through the bore 72 of the 
control orifice 70. The swirl imparted by the vanes 74 enhances vaporization 
of any unvaporized fuel that may be contained within the fuel charge from the 
auxiliary intake manifold 54. 

The fuel orifices 64 and 70 illustrated in both FIGS. 3 and 4 have a 
fixed opening or bore through the control orifice 64 or 70. Furthermore, the 
size of the openings 65 and 72 through the control orifices 64 and 70, 
respectively, are fixed. However, the size or cross-sectional area of the bores 
65 and 72 may vary from one combustion chamber 32 to a different 
combustion chamber 32 in order to achieve the desired distribution of the fiiel 
vapor from the auxiliary intake manifold 54. 

With reference now to FIGS. 5A and 5B, a plan view of a still further 
control orifice 76 is illustrated in which the control orifice 76 has a throughbore 
78. However, unlike the control orifices 64 and 70 illustrated in FIGS. 3 and 4, 
the control orifice 76 in FIGS. 5 A and 5B is variable in cross-sectional area. 
For example, the cross-sectional area of the bore 78 in FIG. 5A is much larger 
than the cross-sectional area of the throughbore 78 illustrated in FIG. 5B. Any 
conventional means, such as an electromechanical valve 79, may be used to 
vary the cross-sectional area of the throughbore 78. A control mechanism 80, 
illustrated only diagrammatically, controls the valve 7 9 to vary the cross- 
sectional area of the bore 78. Furthermore, the control mechanism 80 is 
controlled by the ECU 50 (FIG. 1) and the ECU varies the cross-sectional area 
of the bore 78 in response to input signals from one or more of the sensors 51 . 

10 
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The variation of the cross-sectional area of the bore 78 of the control 
orifice 76 is desirable to achieve quick engine starting coupled with low 
emissions in dependence upon different engine operating conditions. For 
example, in the event that the temperature of the engine is very cold, a larger 

5 cross-sectional area for the bore 78 may be desirable in order to ensure rapid 
engine starting. Conversely, in the event that the engine is warmer, e.g. room 
temperature, a smaller cross-sectional area for the bore 78 may be sufficient to 
ensure quick engine starting coupled with low engine combustion emissions. 
Furthermore, the cross-sectional area of the bore 78 of the control orifice 76 

10 may differ from one engine combustion chamber to another in order to ensure a 
desired fuel distribution to the multiple engine combustion chambers 32. 

With reference now to FIG. 6, optionally a shroud 90 is associated with 
one or more of the control orifices 64. The shroud 90 is positioned within the 
manifold housing portion 66 of the cold start fuel system and thus in series 

15 with the airflow firom the intake manifold 34 and to the intake passageways 41 
in the engine housing 31. The shroud 90 is aligned with the fuel orifice 64 and 
is open only downstream in the direction of the fuel passageways in the engine 
housing. 

In operation, the shroud 90 effectively increases the vaporization of any 
20 unvaporized fuel that may be present in the fuel charge firom the auxiliary 
intake manifold 54 due to the swirling induced in the fiiel charge caused by the 
venturi effect of the inducted air past the shroud 90. 

The embodiment of the shroud 90 illustrated in FIG. 6 is fixed with 
respect to the manifold housing portion 66. However, with reference to FIG. 7, 
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if desired, the position of the shroud 90 may be controlled by an actuator 92 
(illustrated only diagrammatically) between the positions shown in solid and 
phantom lines in FIG. 7. The actuator 92, which is preferably an 
electromechanical actuator, is controlled by the ECU 50 (FIG. 1) in response to 
5 one or more inputs from the sensors 51. The position adjustment of the shroud 
90 illustrated in FIG. 7 is advantageous to vary the venturi effect of the 
inducted airflow past the shroud 90 in dependence upon different engine 
operating conditions. For example, during a very cold engine operating 
condition, a relatively wider opening, as illustrated in solid line in FIG. 7, may 

10 be desired to not only enhance the amount of fuel vapor flow into the inducted 
air stream, but to also enhance the vaporization of the fuel caused by the 
inducted airflow through the manifold housing portion 66. 

With reference now to FIG. 8, a still further modification of the present 
invention is shown in which two control orifices 100 and 102 are associated 

15 with each combustion chamber 32. The control orifice 100 has a throughbore 
104 which is different in cross-sectional area than a throughbore 106 on the 
control orifice 102. Consequently, the induction of the fuel vapor from the 
auxiliary intake manifold 54 through the bores 104 and 106 of the control 
orifices 100 and 102 will occur at a different mass flow rate. The difference in 

20 the mass flow rate through the control orifices 100 and 102 effectively induces 
a swirl in the fuel charge provided through the control orifices 100 and 102 to 
their associated internal combustion chamber 32 thus enhancing the 
vaporization of any unvaporized fuel that may be present in the fuel charge. 
Furthermore, although the bores 104 and 106 of the control orifices 100 and 
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102 are illustrated in FIG. 8 as being fixed, it will be understood that they may 
optionally be variable in cross-sectional area. The bores 104 and 106 
optionally also include vanes. 

The control orifices, as previously described, are positioned closely 
adjacent the intake valve for their associated combustion chamber 32. 
Consequently, the control orifices are positioned closely adjacent the multi- 
point fuel injector 46 associated with the individual combustion chambers. The 
actual position of the control orifices may be either on the same side of the 
multi-point fiiel injector associated with their particular combustion chamber 
32, or may be opposed to the multi-point fuel injector. The control orifices 
may also be positioned upstream, downstream or aligned with the multi-point 
fuel injectors. 

Although the cold start system of the present invention is used 
particularly advantageously for internal combustion engines which utilize 
liquid fuel, such as gasoline or diesel fuel, it may alternatively be used with 
gaseous fuel such as CNG, propane and the like. 

From the foregoing, it can be seen that the present invention provides 
an improved cold start fuel system which provides enhanced vaporization of 
the fuel and which minimizes noxious emissions. Furthermore, since the ECU 
optionally controls not only the bore size of the control orifice, but also the 
position of the shroud, if present, accurate fuel vapor delivery to the internal 
combustion engine can be achieved regardless of the engine operating 
conditions during a cold start condition. 
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Having described our invention, however, many modifications thereto 
will become apparent to those skilled in the art to which it pertains without 
deviation from the spirit of the invention as defined by the scope of the 
appended claims. 
5 We claim: 
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